Background: Pancreatic cancer is an aggressive malignancy, and surgical resection is the only therapeutic option with pancreaticoduodenectomy being considered the standard of care. It is essential to take into account the patients' Quality of Life after the resection, in order to make more informed decisions about treatment options. Objective: The aim of the study was to determine perceived Quality of Life levels among patients who undergo pancreaticoduodenectomy, in a period of six months after surgery. Methods: This prospective study was conducted on all patients (n=40) who underwent pancreaticoduodenectomy in Attikon University General Hospital in Athens, Greece, from January 2013 to June 2015. The Quality of Life was assessed by use of EORTC QLQ-C30 and EORTC QOL-PAN26 questionnaires at four phases: First, after admission at the hospital preoperatively, and then one month, three months, and six months postoperatively. Repeated measurements analysis of variance (ANOVA) was used in order to evaluate changes in Quality of Life measures during the follow-up (postoperative) period. Data analysis was conducted using SPSS version 19. A pvalue of less than or equal to 0.05 was set as the level of significance. Results: The study revealed a mixed image. Except for the nausea and vomiting scale, where indeed a symptom increase is initially reported and then gradually decreases below preoperative levels by 6 months, scoring in many symptom scales worsens postoperatively. From first to fourth assessment, fatigue (Mean from 23.61 to 38.72, p=0.005) and financial difficulties scoring (Mean from 5.98 to 42.42, p<0.001) consistently worsen. Functionality scales scoring also tends to get worse between first and fourth assessment, with statistically significant changes for physical (p<0.001), role (p<0.001) and social functioning (p<0.001). However, a slight improvement can be noted in many scales from third to fourth assessment, as in diarrhea (Mean from 32.38 to 29.29), pancreatic pain (Mean from 17.71 to 2.34), global health status (Mean from 50.48 to 52.53) and social functioning (Mean from 43.81 to 48.48) scales. Conclusions: Quality of Life levels among patients who undergo pancreaticoduodenectomy are getting worse following surgery. However, the longitudinal study of these changes may improve patients' postoperative life by formulating evidence-based interventions concerning symptoms treatment and psychological and social support.
Introduction
Pancreatic cancer is a very aggressive malignancy, with late diagnosis and poor prognosis. The term mainly refers to pancreatic ductal adenocarcinoma, which accounts for more than 90% of pancreatic tumors (1). It is estimated that Page 7055 pancreatic cancer has an annual incidence of 338,000 cases worldwide, and that it is the cause of 331,000 deaths per year (2). As opposed to other types of cancer, mortality from pancreatic cancer has remained relatively stable in recent years (3) , and projections show that it could become the second leading cause of cancer death in the US by 2030 (4) . The risk increases with age, as it is usually diagnosed in people older than 70 years old (5) . Other risk factors include cigarette smoking, obesity, positive family history, and chronic pancreatitis, amongst others (1). Common symptoms include weakness, weight loss, abdominal pain, back pain, jaundice, nausea, and diarrhea (6) . However, early detection remains challenging, as these symptoms usually occur late, and there is no specific screening process or high-risk group (7) . As a result, most patients are diagnosed when the cancer has already spread, and this is probably the main cause for its stable mortality and its poor 5-year survival, set at 9.7% (8) . In addition, pancreatic cancer patients score low on validated health-related quality of life (QoL) instruments (9) .
Surgical resection is the only therapeutic option for pancreatic cancer (10) , and pancreaticoduodenectomy (Whipple's procedure) with regional lymphadenectomy is considered the standard of care (11) . At diagnosis, about 15% of patients have resectable disease (stage I or II), whereas 35% have locally advanced disease (stage III), and 50% have metastatic disease (stage IV), which do not allow for curative resection (12, 13) . For patients with unresectable disease, palliative chemotherapy is the treatment of choice; there is ongoing research regarding whether resection should be considered for some of these patients as well, who fall into the relatively new category of 'borderline resectable' pancreatic cancer (14) , and whether some new chemotherapy regimens can render locally advanced pancreatic cancer resectable (15, 16) . However, in terms of survival, the benefit associated with surgical resection compared with palliative chemotherapy appears very small for certain subgroups of these patients (17) , especially the elder ones (18) . As for pancreatic cancer survivors, they constitute a relatively understudied population in terms of preferences, barriers, and overall life options after surgery. A recent study on health-related QoL among 16,095 older adult cancer survivors revealed that survivors of multiple myeloma and pancreatic cancer had the poorest scores (19) . A recent telephone survey identified future research related to supportive care and QoL of pancreatic cancer survivors as very important to them (20) . Therefore, it is essential to also take into account patients' QoL after the resection, in order to make more informed decisions about pancreatic cancer treatment options. Recently, there have been many efforts to map post-operative pancreatic cancer patients' needs and their related QoL. For instance, a Delphi survey among 150 patients diagnosed with pancreatic or periampullary cancer in the Netherlands identified the most important patient-reported outcomes, such as general QoL, fatigue or appetite, to be incorporated in pancreatic cancer care and research (21) . Α study with semi-structured in-depth interviews of 13 post-operative patients with pancreatic cancer found that appetite problems are common, and that appropriate nutrition support would be helpful (22) . Another qualitative study including 12 pancreatic cancer patients and 23 carers revealed that the major QoL-related theme was difficulty in managing gut symptoms and complex dietary issues, indicating the need for expert advice (23) . More specifically, delayed gastric emptying has been found to affect significantly post-operative pancreatic cancer patients' QoL (24) , while a study of 29 long-term survivors with pancreatic adenocarcinoma who had undergone pancreaticoduodenectomy and were without evidence of disease during at least 3 years of follow-up evaluation revealed complications, such as ascites, which usually manifest more than 3 years after surgery (25) . Two other surveys which were conducted recently and entail health-related QoL instruments, showed a considerable decline in QoL in the first days after resection, and improvement of the situation by 60 post-operative days (26, 27) . Finally, an ongoing randomized controlled trial with 60 post-operative patients is investigating whether intensive physiotherapy improves the QoL of patients after pancreatic resection (28) . All these studies contribute to our better understanding of the post-operative QoL of pancreatic cancer patients, and there have been efforts to enhance the care of these patients by making appropriate interventions based on the QoL research findings. The aim of the present study is similar; it is a contribution from Greece where it is attempted to identify key issues related to pancreatic cancer before and after surgical procedure. Given this cancer's poor survival, which unavoidably limits the size of the population available to be studied, it is very important to enrich international literature with more findings to guide the care provided. Additionally, since it is a longitudinal study, it may enrich the knowledge concerning changes of perceived QoL levels through time and contribute in the planning and implementing of adequate medical and psychosocial interventions during different time points, postoperatively.
Material and Methods

Sampling and Population under Study
The sample of this prospective study consisted of patients who were diagnosed with pancreatic cancer and underwent pancreaticoduodenectomy at Attikon University General Hospital in Athens, Greece, from January 2013 to June 2015. More specifically, during this period 109 patients made an entry to the hospital and they were diagnosed with malignant neoplasm of pancreas (Diagnosis Code: ICD10: C25). Forty of the 109 patients underwent pancreaticoduodenectomy. The final sample consisted of these 40 patients.
Selection criteria
The inclusion criteria were: (i) undergoing pancreaticoduodenectomy, (ii) informed consent to participate in the study and (iii) capability to communicate and understand the information that was requested during research procedure. The exclusion criteria were: (i) diagnosis of mental illness and (ii) poor understanding of the Greek language.
Instrument
Quality of life is a subjective notion that needs to be objectified and measured so as to study it and improve it. There are many ways, albeit incomplete, to do so; usually, the appropriate tool is selected depending on the health issue at hand. The European Organization for Research and Treatment of Cancer Quality-of-Life Questionnaire (EORTC QLQ-C30) is a tool developed to assess cancer patients in terms of QoL (29), it has been widely used in many studies, and it has also been validated in the Greek setting (30, 31) . It consists of two seven-level Likert items on general health and overall QoL, and 28 five-level Likert items on functionality (physical, role, emotional, cognitive and social), symptoms (fatigue, pain, nausea-vomiting, shortness of breath, loss of appetite, sleep disturbances, constipation and diarrhoea), and other aspects of the disease, such as its financial impact. Scores for functional, symptoms and sides effects subscales range from 0 to 100. The higher score on the functional and global QoL subscales represent the higher level of functioning and global QoL, while the higher score of symptom and side effects subscales represent more severe symptoms and side effects. For some types of cancer, there are also supplementary modules developed by the EORTC. In the case of pancreatic cancer, the EORTC QLQ-C30 is supplemented by the EORTC QOL-PAN26 questionnaire. This tool has also been widely used, and it has been translated and validated in many European countries, including Greece (32) . It contains 26 four-level Likert items regarding disease symptoms, treatment side effects and emotional outcomes, all focused on pancreatic cancer. Specifically, it consists of seven subscales: pancreatic pain, upper gastrointestinal symptoms, jaundice, altered bowel habit, health satisfaction, sexuality, and body image. Scores range from 0 to 100. In all cases, higher scores indicate more severe symptoms and worse functioning except the health satisfaction subscale, where higher scores indicate higher health satisfaction levels. Both instruments assess QoL during the past week before the interview. Given their popularity and their relevance, we chose to use the EORTC QLQ-C30 and QOL-PAN26 questionnaires for the purposes of this study. Regarding the reliability of the instrument we used the internal consistency method; the Cronbach's α was >0.70 for all scales and subscales of the instruments used.
Data collection
The questionnaires were filled by the researchers according to the responses of the participants, at four phases: first after admission at the hospital preoperatively, and then one month, three months, and six months postoperatively. Responses for the postoperative phases were provided by telephone, unless the patient received chemotherapy at the Attikon hospital, and provided that it was convenient to schedule an appointment there with the researchers at the designated times. Perioperative and early postoperative complications were recorded after the patient's first QoL assessment and subsequent surgery, but before hospital discharge; for reasons of simplicity, we report this data as being part of the first assessment.
Data Analysis
Continuous variables are presented with mean and standard deviation (SD). Qualitative variables are presented with absolute and relative frequencies. Repeated measurements analysis of variance (ANOVA) was used in order to evaluate changes in QoL measures during the follow up (postoperative) period. Bonferroni correction was used in order to control for type I error, in multiple testing. All p-values reported are two-tailed. Statistical significance was set at 0.05 and analyses were conducted using the IBM© SPSS© Statistics version 19 (IBM© Corp., Armonk, NY, USA).
Variables, bias, and potential confounders
The study aimed to determine perceived QoL levels among patients who undergo pancreaticoduodenectomy in a period of six months after surgery. The independent variables were the sociodemographic characteristics (gender, age, educational level, and marital status), the individual medical history (the presence of a chronic physical or mental disease), and the disease characteristics at the time of the surgical operation. The perioperative and postoperative complications were the mediators. The changes in the QoL domains was the final estimated outcome (presence of pain, role, physical, social, cognitive, emotional and sexual functioning). In order to address potential sources of bias, patients informed that they could withdraw from the study at any time without giving explanations and that they could ask any information concerning the study aims and procedure and that the participation was not related in any way with the treatment received. . The participants were informed that they could withdraw from the study at any time, and the protection of their anonymity was observed at all phases, by use of the appropriate coding.
Ethics approval and consent to participate
Results
The questionnaires were filled, at four phases: first after admission at the hospital preoperatively (n=40), after one month postoperatively (n=40) where all the patients were eligible to participate, three months postoperatively (n=39) where one patient died, and six months postoperatively (n=37) where two more patient died. Demographics and clinical characteristics of the study sample are presented in Table 1 . The sample consisted of 40 patients (20 men and 20 women) with a mean age of 65.6 years (SD=9.4 years). Most of the participants were married (77.5%) and 27.5% were smokers. Also, 77.5% had a chronic physical disease and 13.2% had a chronic mental condition. Disease characteristics at the time of the surgical operation (first assessment) are shown in Table 2 .
The most common reason for surgery was cancer in the head of the pancreas. With regards to symptoms, 65% of the respondents had jaundice, 45% reported pain, 26.3% diarrhoea and 17.9% indigestion. None of the patients had metastasis and 95% had positive nodes. Also, 20% of the patients had undergone endoscopic retrograde cholangiopancreatography (ERCP). The majority of the patients (95%) had self-reported changes in their weight status, that is, from diagnosis to admission for surgery, when the first assessment took place (changes in weight status were monitored in more detail postoperatively). Perioperative complications were recorded in 25.6% of the cases, and early postoperative complications (that is, until hospital discharge) in 25% of the cases, with the commonest being anastomosis leakage and respiratory failure. Also, it is noted that mean duration of disease (from diagnosis to surgical treatment) was 3.2 months (SD=2.7), and mean duration of postoperative hospitalization was 11.6 days (SD=6.8). In total, 3 patients died during the follow-up period. Readmission to hospital was recorded in 35.1%, 29.4%, and 6.1% of the cases at their second, third, and fourth assessment, respectively. Regarding complications, 10.8% of the patients reported complications at their second assessment, 5.9% at their third assessment, and none at the fourth assessment. 10 (25) Changes in QoL domains during the follow up period are presented in Table 3 . The EORTC QLQ-C30 items comprise 6 function scales (physical, role, emotional, cognitive, social and global health status/QoL) and 9 symptom scales (fatigue, nausea and vomiting, pain, dyspnea, insomnia, appetite loss, constipation, diarrhoea and financial difficulties). These are presented in Table 3 . The QOL-PAN26 items comprise one function scale (satisfaction with health care) and 6 symptom scales (pain, digestive symptoms, altered bowel habit, hepatic, body image and sexuality). These are presented in Table 3 . In general, high scoring is desirable for function scales and low scoring is desirable for symptom scales. Scores on global health status, nausea and vomiting, insomnia, dyspnea, emotional functioning, cognitive functioning, and satisfaction with health care domains remained unchanged during the followup period. A significant increase in fatigue scores (Table 3) was found from first to second assessment, as well as from first to fourth assessment overall. Pain had a significant decrease both from first to second assessment, and from first to fourth assessment overall.
Scoring on appetite loss domain increased significantly from first to second assessment, and then remained unchanged (Table 3) . Scoring on constipation decreased from first to second assessment, and scoring on diarrhea increased significantly from first to fourth assessment. Financial difficulties increased significantly during the follow-up period. Physical functioning and role functioning scores significantly decreased from first to second assessment, and decreased at a slower rate subsequently (Table 3) . Social functioning decreased from first to second assessment, and from second to third assessment. Emotional and cognitive functioning appear relatively unaltered.
As for the QOL-PAN26 questionnaire, scoring on pancreatic pain, altered bowel habit, hepatic and sexuality domains decreased from first to second assessment (Table 3) . Additionally, scoring on pancreatic pain and sexuality continue to decrease from second to third assessment. Contrarily, digestive symptoms and body image scoring increased during the follow-up period. 
Discussion
These results come to enhance the significance of the study's preliminary findings, which had been published earlier and were based on a patients' sample, half the size of the present one (33) . In general, disease characteristics appear similar to those of other relative studies, with jaundice and pain reported as the main symptoms by most respondents (34) . The mean length of postoperative hospitalization is notable (11.6 days), as it is very satisfactory compared to reported results of other studies on patients undergoing pancreaticoduodenectomy (16.2 or 17.7 days), depending on whether the pylorus is preserved or not (35) . This finding may be attributed to the technique used at the Attikon hospital, which entails the use of a long isolated jejunal loop; this technique is associated with reduced rates of pancreatic leakage, and, therefore, decreased length of stay if other complications do not occur (36) .
Previously published studies using the EORTC QLQ-C30 tool suggest that QoL for pancreatic cancer patients undergoing resection decreases in the first few postoperative days (26) , and then it increases to achieve full recovery after 6 months (27) . Our findings do not follow this trend. Except for the nausea and vomiting scale, where indeed a symptom increase is initially reported and then gradually decreases below preoperative levels by 6 months, scoring in many symptom scales increases (that is, worsens) postoperatively; for instance, fatigue and financial difficulties scoring consistently increase from first to fourth assessment. Functionality scales scoring also tends to get worse (decrease). However, a slight improvement can be noted in many scales from third to fourth assessment, as in diarrhea, global health status and social functioning scales. This could mean that the improvement would continue after the first six follow-up months, for these scales at least. It would be interesting to monitor these scales for a much longer period, as Shaw et al. have done in the past for a median of 42 months postoperatively (37) . This is also the case for scales which follow a different pattern; pain and dyspnea tend to improve from first to third assessment, and then worsen from third to fourth assessment. A longer period of follow-up assessment, as well as a larger patient sample, would probably clarify the situation as to whether these are consistent or merely random trends.
Analysis of the QOL-PAN26 domains also reveals a mixed image. On the one hand, we notice that altered bowel habit and hepatic scoring tend to improve from first to third assessment, as expected judging from previous studies (38, 39) , but then worsen from third to fourth assessment. Body image scoring consistently increases (worsens) from first to fourth assessment, which is in accordance with what Fitzmaurice et al. report (38) . For such a short follow-up period, and considering that the operation (and the changes in body image that it entails) is not a focus area for the PAN-26 tool, this trend is normal. Directly related to body image, sexuality scoring decreases (with a slight increase from 3 rd to 4 th assessment), which may seem inconsistent with the previous remark; when body image worsens, it is not expected for sexuality to improve. This finding is subject to various interpretations, since pancreatic cancer affects sexuality in many ways. We assume that this domain is also influenced by the surgical operation, an influence which the questionnaires fail to reflect, since they were not originally designed to be used before and after resection. Nonetheless, it is a finding which should be further investigated in future studies.
Study limitations and generalizability
The study has certain limitations that need to be acknowledged. First, the sample size could be bigger, to increase the generalizability or external validity of the findings. However, as it has already been noted, pancreatic cancer is uncommon, usually non-resectable, and with very poor survival rates. Thus, independent researchers may find it difficult to acquire bigger samples for specific periods of study. A second limitation concerns the follow-up period, which was set at six months. As noted above, a longer period of follow-up assessment would probably clarify some mixed results, such as insomnia, worsening from first to second assessment, improving from second to third, and worsening again from third to fourth assessment, exceeding baseline values. Finally, we already mentioned that the technique used at the Attikon hospital is associated with reduced rates of pancreatic leakage and decreased length of hospital stay (36) , which is certainly positive for the patient in terms of QoL; however, if this technique has not been used in similar published studies exploring pancreatic cancer patients' QoL, it constitutes a factor that weakens direct comparison of our study with the others. Therefore, the technique used is a factor that should be carefully explored in future studies assessing QoL before and after pancreaticoduodenectomy.
Conclusions
As technology improves, it is expected that more cases of pancreatic cancer will be resectable in the near future we have already noted the relatively new category of 'borderline resectable pancreatic cancer, with better results in terms of postoperative QoL. But support for more effective future interventions entails an understanding of the anticipated outcomes. Therefore, in line with other research, we believe that more research initiatives are needed in order to properly evaluate the benefits achieved from pancreaticoduodenectomy to patients diagnosed with resectable pancreatic cancer. Interdepartmental and international collaborations are needed in order to acquire bigger patient samples and longer follow-up periods of monitoring. Pancreatic cancer survivors' QoL is an important aspect of the disease that needs to be studied thoroughly in order to make informed decisions regarding their initial treatment, and to design interventions that will improve their postoperative life.
